Objective: To study relationships between obesity, physical inactivity and sleep-related disturbances (obstructive sleep apnea (OSA), sleep duration, sleep disturbances concomitant with daytime tiredness) in adults (X30 years). Design: Cross-sectional study with a random population sample. Participants: A total of 3377 men (mean age 52.3, s.d. 14.8, years) and 4264 women (56.4, s.d. 17.2, years). Main outcome measures: Dependent variables, measured: Waist circumference (WC) and body mass index (BMI). Independent variables, from a detailed interview/questionnaire: probable OSA, other sleep-related disturbances, sleep duration, type and frequency of leisure physical activity. Age, mental health, smoking and education were included in analyses as potential confounders. Results: In men, OSA and physical inactivity increased likelihood for abdominal obesity (WC X102 cm). Physical inactivity also increased, but long (X9 h/day) sleep decreased likelihood for abdominal overweight (WC: 94-101 cm) in men. In women, abdominal obesity (WC X88 cm) was associated positively with OSA, moderate sleep-related disturbances, and physical inactivity. Education modulated the influence of age on abdominal obesity in both genders. Using BMI as the dependent variable did not change the general information obtained by the model. In addition, abdominal obesity was found to be an independent risk factor also in multivariable models predicting categories of a combined sleep duration and sleep disturbances. Conclusions: Sleep duration and sleep-related disturbances are associated with obesity, even after controlling for OSA and physical inactivity. The results support the hypothesis of vicious circle between sleep and obesity.
Introduction
A marked increase in the prevalence of obesity during the past 20 years has been documented in practically all developed countries and in several parts of the developing world. 1 Simultaneously, both occupational and lifestyle physical activity seem to have decreased, for example, in Finland. 2 Physical inactivity is linked with obesity in both cross-sectional 3, 4 and longitudinal 5 studies. A more recent finding is the association of obesity with sleep factors. Sleep may even be one of the etiologic factors of the modern obesity pandemic. 6, 7 The most probable sleep factor linked with obesity is sleep duration. Cross-sectional evidence suggests an association between short sleep and obesity in children [8] [9] [10] [11] and in young adults. [12] [13] [14] [15] In addition, two prospective cohort studies have
shown that short sleep predicts future weight gain in young adults 16 and in middle-aged women. 7 The mechanisms linking weight and sleep duration are unclear. A causative path from sleep and circadian clock system to obesity has been suggested through direct metabolic (see for example Kohsaka et al. 17 and Kohsaka and Bass
18
) and/or hormonal changes with an influence on energy intake. 14, 19 More indirect pathways are also plausible, for instance, short or disturbed sleep may cause fatigue leading to restriction of physical activity. Physical inactivity may, in turn, have a negative feed-back effect on sleep. [20] [21] [22] [23] An alternative causative path from obesity to sleep is implicated by studies showing that obesity is a risk factor for sleep apnea (OSA), 24, 25 and to daytime sleepiness. 24, 26 The above mechanisms may also create a vicious circle between sleep and obesity: detrimental changes in sleep may cause (directly or indirectly) weight gain and obesity, which in turn may increase (directly or indirectly) detrimental changes in sleep.
In parallel to the increasing prevalence of obesity in Finland, more than one quarter of the Finnish adults selfreports chronic sleep debt. 27, 28 A recent study 29 showed that among the general adult population, 15% were short sleepers (that is their self-reported sleep duration was 6 h or less). Insomnia, defined as problems to fall asleep or waking up during the sleep (at least once a week), has increased among Finnish employees in five consecutive population-based surveys from 1977 to 2003. 30 The change was from 20 to 36% among female subjects and from 17 to 27% among male subjects. The largest increase was observed recently, from 1997 to 2003. The public health consequences related to increasing obesity and poor sleep may be considerable.
We have studied the relationships among obesity (as assessed by waist circumference (WC) and body mass index (BMI)), physical inactivity and sleep-related disturbances (sleep duration, probable OSA and other sleeping disturbances concomitant with daytime tiredness) in a nationally representative, population-based sample. The aim was to examine if both physical inactivity and sleep disturbances are independently associated with obesity, even after controlling for probable OSA. We also studied whether physical inactivity and obesity were associated with sleep disturbances, after controlling for depression.
Participants and methods

Sampling and survey procedures
The present study was based on a large, nationally representative cross-sectional sample of the Health 2000 Health Examination Survey. Field interviews and examinations were performed in [2000] [2001] . The target population, sampling and methods are described in detail on www.ktl.fi/ health2000 (see also Aromaa and Koskinen 31 and Pirkola et al.
32
). In brief, the two-stage stratified cluster sampling frame carried out by Statistics Finland comprised all adults 30 years and older. Persons aged 80 years or over were oversampled by doubling the sampling fraction. The final sample comprised 8028 persons aged 30 or over. They were invited to take part in the health interview and health examination. The latter was carried out by field units comprising nurses, dentists, physicians and other research personnel.
A total of 6986 persons (87%) of the sample were interviewed in their homes or in an institution. The respondents were handed an information leaflet and an informed consent form that was returned after signing. The interviewer also left a questionnaire that interviewees were asked to answer and bring along to the health examination.
During the health examination, another questionnaire was given to be answered at home and mailed back. The first questionnaire was returned by 6460 subjects (80% of the sample) and the second by 6269 (78% of the sample). The study was approved by the Ethics Committee for epidemiology and public health of the hospital district of Helsinki and Uusimaa in Finland.
Present study sample
For the analyses of this study, participants who were diagnosed as having drinking problems (n ¼ 303) and those who had lost weight because of depressive disorders (n ¼ 84) were excluded. The participant was supposed to have lost weight because of depressive disorders if he or she was diagnosed as having a depressive disorder and in the same time, he or she reported having lost weight without a deliberate attempt to do so. Thus, our sample comprised 7641 participants (3377 men and 4264 women).
Rational for the analyses
Because of the theoretically plausible vicious circle between sleep and obesity, we decided to analyze two kinds of multivariable models treating sleep factors as independent variables predicting obesity, and, in addition, having obesity as an independent variable predicting sleep. Previous crosssectional studies have used sleep duration and BMI above 30 as the main indicators of sleep disturbances and obesity, respectively. However, since one mechanism linking sleep disorders and obesity is visceral fat, 33 sleep may be even better associated with an indicator for abdominal obesity (for example WC) than with obesity defined by using BMI. Therefore, we decided to use WC, trichotomized according to WHO 1 guidelines, as a primary indicator for obesity.
Theoretically relevant sleep factors were considered to be: (1) self-reported sleep duration, trichotomized according to previous studies suggesting increased health risk, including obesity, for short and/or long sleep; 13, 27, 34 (2) disturbances in subjective quality of sleep, that is insomnia-related symptoms concomitant with daytime tiredness. This sleep factor is suggested to be an independent risk factor for obesity. 24, 26 Both insomnia-related symptoms and obesity are related with daytime tiredness. 35 Therefore, we included symptoms of daytime tiredness as a part of the sleep factor. (3) Probable sleep apnea (OSA). It is important to separate the associations between obesity and OSA, in order to get a better insight on the association between obesity and other sleeprelated disturbances.
Other well-known statistical risk factors for obesity, that is, age, gender, physical activity, depressive disorders and smoking were controlled. As several of the risk factors (for example obesity, physical activity, depressive disorders, smoking, sleep duration, insomnia-related symptoms, sleep apnea) included into the multivariable models in this study are differently related to gender, we decided to perform ). Weight and height were measured with light clothing and without shoes, weight to the nearest 100 g on a spring scale and standing height to the nearest 0.5 cm. BMI was trichotomized into the following categories: normal weight p24.9, overweight 25.0-29.9 and obesity X30.0.
1 In order to yield comparable models with WC, underweight participants (BMI o18.5, n ¼ 67 or 1.0% of the total sample) were included into the normal weight group. The normal weight group (including those with underweight) was chosen as the reference category for multivariable analyses.
Sleep-related assessments Sleep duration. Self-reported sleep duration per 24 h was used for the classification of the short and long sleepers. Subjects were asked, 'How many hours do you sleep in 24 h?' Responses were recorded in full hours. According to previous studies, 13, 27, 34, [37] [38] [39] health risks are increased among short (sleeping p6 h) and also among long sleepers (sleeping X9 h). 40, 41 Therefore, sleep duration was classified as 'short sleepers' (p6 h), 'midrange sleepers' (7-8 h) and 'long sleepers' (X9 h).
Insomnia, other sleep disturbances and daytime tiredness. Insomnia and other sleeping disturbances were queried as 'Have you had sleeping disorders or insomnia during the preceding month (30 days)?'. 42 The answer was given by choosing one of the five options: 'no' ¼ 1; 'very rarely' ¼ 2; 'every now and then' ¼ 3; 'quite often' ¼ 4; 'very often' ¼ 5. Daytime tiredness was queried as 'Compared to other people of your age, are you usually more tired during the daytime?' and the answer was coded as: 'no' ¼ 1; 'cannot say' ¼ 2; 'yes, often (at least once a week)' ¼ 3; 'yes, almost always' ¼ 4. The scores of the two questions were summed and the sum score was trichotomized in the following way: 'neither sleep disturbances nor daytime tiredness' (scores 2-3); 'mild sleep disturbance or daytime tiredness or both' (scores 4-6) and 'severe sleep disturbance concomitant with daytime tiredness' (scores 7-9).
Sleep apnea. The following questions and logic were used in order to operationalize the occurrence of probable sleep apnea. If the answer to the question 'Do you snore when sleeping? (Ask others if you are not sure)' was 'no', sleep apnea was considered to be unlikely. If the answer was 'yes' then the following additional questions were addressed: (1) 'How often do you snore?'; (2) 'How does your snoring sound like? (Ask others if needed)' and (3) 'Have you noticed (or have others noticed) respiratory pauses when you sleep?'. Sleep apnea was considered quite probable, if snoring was frequent (at least during 3-5 nights weekly) and either of the following items was positive: (1) snoring is loud and irregular, with occasional respiratory pauses and/or stertorous breathing; (2) respiratory pauses with a frequency of at least 1-2 nights weekly. In all other cases, sleep apnea was considered to be unlikely.
Sociodemographic factors
Basic sociodemographic data -age, gender, marital status, education and current employment status -were collected in the home interview.
Mental health
The CIDI interview. A computer-aided mental health interview was performed at the end of the comprehensive health examination. 32 The interview was performed to determine, among other things, the occurrence of major depressive episodes and disorder, and alcohol abuse and dependence according to diagnostic and statistical manual of mental disorders (DSM-IV) criteria. Depressive disorders included diagnoses of major depressive disorder or dysthymia during the preceding 12 months. Participants with drinking problems were those who fulfilled the diagnostic criteria of alcohol dependence or alcohol abuse during the last 12 months, and they were excluded from the present study sample.
Physical activity and smoking Physical activity during leisure was assessed by the following question 'How much do you exercise and strain yourself physically during leisure?' The choices were: (1) 'During leisure, I read, watch TV and carry out other activities, which are not physically strenuous' (called as physically inactive in this study, that is, not meeting any recommendations for physical activity)'; (2) 'During leisure, I walk, cycle and move in other such exercise modes at least 4 h weekly' (regular lifestyle activity); (3) 'During leisure, I perform physical exercise at least 3 h weekly'; (4) 'During leisure, I practice the dependent variable and each suggested risk factor as the independent variable. The multivariable modeling was performed in two stages. At first, multivariable generalized logistic regression models predicting categories (normal category as a reference) of abdominal (W) and overall obesity (BMI) separately, with all suggested risk factors and their interaction terms as predictors, were performed separately for male subjects and female subjects using a forward stepwise procedure. The rationale for using both abdominal and overall obesity in turn as a dependent variable was an effort to compare information between the two different ways to define obesity. Analogous multivariable logistic regression models predicting categories of a combined sleep duration and sleep disturbances (7-8 h sleepers without sleep disturbances and sleep apnea as a reference category), with all suggested risk factors (including abdominal obesity) and their interaction terms as predictors, were also performed separately for male subjects and female subjects.
Results
Characteristics of the study sample are shown in Table 1 . A much larger proportion of individuals were classified as abdominally obese (high result in WC) compared to 'overall' obesity (BMI 430). In general, 15.1% were classified as short (p6 h/day) and 12.7% as long (X9 h/day) sleepers. Almost 50% of the participants reported at least some sleep-related disturbances, but most of the symptoms were regarded as moderate. Compared to men, women slept longer and they had a lower prevalence of probable OSA, but they reported slightly more insomnia or other sleep disturbances.
The unadjusted odds ratios for the probability of abdominal obesity or abdominal overweight are shown in Table 2 . Older age, short sleep duration, moderate and severe sleep disturbances, probable OSA, no regular physical activity, not smoking and short education were associated with increased probability for abdominal obesity (large WC according to WHO guidelines) in both sexes. The above variables tended to be associated also with abdominal overweight (moderately large WC according to WHO guidelines). However, fewer such associations reached statistical significance.
Multivariable models predicting obesity Multivariable stepwise generalized logistic regression models were used to examine statistical independence of suggested risk factors for overweight and obesity. Results of the stepwise regression with WC in three classes (normal/ abdominal overweight/abdominal obesity) as the dependent variable are presented in Table 3 . The results were rather similar for men and women. In both genders, abdominal obesity (large WC) and/or overweight (moderately large WC) were independently associated with probable OSA and physical inactivity. Sleep duration in men (long sleep predicting lower likelihood for moderate WC) and sleep disturbances in women were also independently related to large WC. The associations tended to be stronger with abdominal obesity than with abdominal overweight. It should be noted that depression was not independently related to any indicators of obesity in our models.
An age-by-education interaction was found for both genders. A closer examination of the interaction showed that only short education was clearly associated with high probability for abdominal obesity increasing by age. In other educational groups, especially in group of higher education, the influence of age was diminished or not revealed.
The same analyses with BMI, in three WHO classes as the dependent variable, resulted in only slight differences, when compared with the models with WC as the dependent variable (results not shown). The final models' R 2 's for BMI were lower than those for WC (for men 0.062 in BMI model and 0.106 in WC model; for women 0.127 and 0.142, respectively).
When modeling the abdominal obesity for men, sleep disturbances modulated the association of age with obesity. Among normal sleepers (without insomnia-related symptoms), age was positively associated with increasing obesity up to 55-64 years of age, after which there was no further increase. Among individuals with mild sleep disturbances, the relationship was about the same, except for the oldest age group where a slight decrease was found. However, among individuals with severe sleep disturbances, the influence of age was not found.
Multivariable models predicting sleep A following combinatory dependent sleep variable was formed for multivariable generalized logistic regression models. Individuals without neither sleep disturbances nor OSA, and sleeping 7-8 h (n ¼ 2119) were pooled together to form a reference group. Other sleep groups were: midrange sleepers with sleep disturbances (n ¼ 1623); short sleepers without sleep disturbances (n ¼ 249) and with sleep disturbances (n ¼ 533); long sleepers without sleep disturbances The detailed results (significant OR point estimates and their 95% CI) are shown in Table 4 .
Abdominal obesity was an independent risk factor for short-and long sleep with or without sleep disturbances even when depression, probable sleep apnea, physical activity and age were controlled.
Discussion
As expected, age, physical activity, probable sleep apnea and education were statistically independent risk factors for d Probable obstructive sleep apnea, assessed from self-reported data on loud snoring and nocturnal respiratory pauses.
e Self-reported physical activity during leisure time.
Sleep disturbances, physical activity and obesity M Fogelholm et al abdominal and overall obesity in a population-based adult sample of Finns. The important finding of this study was that self-reported sleep duration deviating from population mean and the insomnia-related symptoms concomitant with daytime tiredness were also statistically independent risk factors for obesity, even after controlling for other suggested risk factors (the above mentioned, depression and smoking included). The conclusion was similar regardless whether obesity or sleep was used as the dependent variable.
To the best of our knowledge, the recent publication by Ko et al. 43 is the only study on the relationship between sleep duration or disturbances with both WC and BMI. Our study sample was larger and response rate much better (40.5 % in Ko et al.
43
). Moreover, we were able to control for important variables, like mental health, OSA and physical activity, which were not assessed by Ko et al. 43 Despite the above differences in the analytical design, the results in our study are in line with those reported by Ko et al.
Earlier epidemiological studies on the association between sleep duration or quality and obesity in adults have used only BMI as the indicator of obesity. 12, 16, 44 We showed that the associations are rather similar, regardless of the chosen outcome (waist or BMI). The model predicting abdominal obesity was somewhat stronger than that predicting overall obesity, but this does not indicate that sleep disturbances per se would be better associated with abdominal obesity. Many earlier studies on the associations between sleep duration or quality and obesity have not been adjusted for OSA. 12, 16, 44 Only a couple of studies have shown a relationship between objectively measured indicators of self-reported sleep quality (for example increased sleep latency, lower proportion of Rapid Eye Movement (REM) sleep and frequent awakenings and increased nocturnal motor activity) and daytime tiredness in individuals with obesity and without OSA. 24, 26, 45 Compared to our study, the above studies used laboratory-based diagnosis of OSA or nocturnal breathing patterns. The limited number and possible selection of participants make it difficult to draw general conclusions. However, the similar results of our large, epidemiological data and of the smaller studies with more precise diagnostic methodology 24, 45 make it possible to conclude that even without OSA, obesity is associated with sleep disturbances and daytime tiredness. Sleep duration in men and insomnia or other sleep disturbances with daytime tiredness in women were determinants of obesity in our regression equations. These results either of these variables tends to prevent the entering of the other variable into the final model. Since epidemiologic studies have generally shown positive associations between exercise and sleep, 22 it was felt important to control for this variable in the present study.
The proposed mechanisms linking physical activity with sleep are anxiety and depression reduction, promotion of lower body temperature at the onset of sleep and by a circadian phase-shifting effect. 9 The results of the present study and of some others 9, 12, 44 show that both sleep duration or quality and physical activity are related with obesity, and at least partly independent from each other. The large, nationally representative adult Caucasian population is the strength of the present study. The inclusion of middle-aged and old participants makes this sample interesting, since the participants in most of the earlier epidemiological studies have been clearly younger. Weight, height and WC were measured, not self-reported. Finally, we were able to control for several potentially important confounding variables (for example physical activity, mental health, sociodemographic factors, and so on).
There are obviously some weaknesses in our methods: first, OSA was only diagnosed as 'probable' by using self-reported snoring and nocturnal respiratory pauses. To make a definitive diagnosis of OSA, a nocturnal polysomnographic should be carried out. This was, unfortunately, impossible to perform in the present, large population study. The probable bias of our self-reported OSA is towards a slight overestimation of cases. Moreover, sleep duration and Sleep disturbances, physical activity and obesity M Fogelholm et al disturbances were self-reported by simple, pre-coded questions, as typical in large epidemiological studies. Selfreporting usually leads to random misclassification and bias towards unity. 10 Therefore, true associations are likely to be stronger than those found in this study. Also physical activity was analyzed with a simple frequency and exercise mode question. Concerns related to misclassification are also relevant in this case. Nevertheless, we have recently showed that even a single question on frequency of leisure-time physical activity is related to physical fitness in a very consistent way in healthy adult men, 46 thus, indicating at least acceptable criterion validity. Finally, the dietary habits were not analyzed leaving open potential nutritional mechanisms between sleep and obesity. In summary, by using a large, nationally representative cross-sectional sample, we have shown that sleep-related disturbances and sleep duration are associated with both abdominal and overall obesity, even after controlling for probable OSA, physical activity and sociodemographic factors. Moreover, physical inactivity and abdominal obesity were associated with sleep problems, even after controlling for mental health and probable OSA. Obesity, sleep disturbances and physical inactivity may form a vicious circle with vascular and metabolic diseases as the morbid end point. We suggest that improved sleep habits should be included as a part of any intervention to prevent or treat obesity, type 2 diabetes or vascular diseases. Sleep disturbances, physical activity and obesity M Fogelholm et al
